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METHOD, APPARATUS AND SYSTEM FOR 
SYNCHRONIZATION IN RADIO COMMUNICATION SYSTEMS 



BACKGROUND 

5 [0001] The present invention relates generally to a method, apparatus, 
and system for synchronization in radio communication systems. In 
particular, the present invention relates to a method, apparatus, and system 
for synchronization in radio communication systems using a variably robust 
information stream. 
1 0 [0002] Over the past decades, advancements in radio and VLSI 
technology has fostered widespread use of radio communication in 
consumer electronics. Portable devices, such as mobile telephones, are 
now widely available offering acceptable cost, size, and power consumption 
levels. 

1 5 [0003] The first mobile telephones available for public use were analog 
telephones. These first generation telephones used various analog-based 
access technologies, e.g., AMPS, NMT, and TACS, to exchange information 
within a communication region. Consumer interest in mobile radio 
communication increased dramatically in the 1990's with the introduction of 

20 new digital mobile telephones. These second generation telephones used 
more robust, more secure, and faster digital access technologies, e.g., 
GSM, D-AMPS, and PDC, to exchange both voice and data information. 
Although consumer use of radio technology is predominantly in the area of 
voice communication (at least with respect to handheld devices), the 

25 wireless exchange of data is likely to greatly expand in the near future as a 
result of further technological advances. 

[0004] Synchronization of the information stream between radio devices is 
of great importance in any radio communication system. In order to properly 
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recover the information stream sent by a transmitting device, a receiving 
device must synchronize to the incoming communication signals. 
[0005] For example, with the so-called continuous wave (CW) radio 
systems, e.g., first generation analog cordless phones, and the more 
5 modern direct-sequence CDMA systems, synchronization of the information 
stream occurs once at the establishment of a connection. In CW radio 
systems, a radio receiver initially synchronizes to the received transmission 
from a radio transmitter signal upon connection establishment. Thereafter, a 
tracking mechanism is used to maintain synchronization between the radio 

1 0 receiver and transmitter. 

[0006] In contrast to CW radio systems, so-called packet or burst based 
radio systems, transmit information between devices in short bursts. In 
packet-based systems, synchronization is required upon the receipt of each 
information burst. An efficient synchronization method is therefore essential, 

1 5 in order to minimize the amount of overhead that must be included in the 
burst to achieve synchronization. The demodulation of the received 
information stream will be significantly impaired by errors until the 
synchronization process has been finalized. This will be true even under 
best transmission conditions, e.g., when the signal-to-noise ratio of the 

20 received signal is quite high. 

[0007] Synchronization is required in radio communication systems 
because of modulation frequency and timing offsets that exist between the 
transmitter and receiver devices. Frequency offsets may occur in the 
received signal as a result of differences in the local oscillator frequencies of 

25 the transmitter and receiver devices. These frequency offsets may cause 
the received signal to not be centered within the band-pass of the receive 
filters, and may further result in rotating constellations and accumulating 
phase errors in the demodulated signal. Timing offsets can cause the 
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received symbols to be sampled at sub-optimal sampling intervals, e.g., at 
sampling intervals where the received symbols are more susceptible to 
noise and interference, resulting in sampling errors. 
[0008] Synchronization schemes may be divided into two broad 
5 categories. The first category includes the so-called data-aided 

synchronization schemes. These schemes use known symbol sequences 
that are inserted within the information stream, e.g. in a packet, to 
synchronize the data transmission between transmitter and receiver. The 
known data stream is used to "train" the receiver, that is, to aid the receiver 

10 in determining the frequency and timing offsets in the received signal. 

Hence, these known sequences are often referred to as training sequences. 
[0009] These training sequences may be inserted at the beginning of the 
information stream as shown in the packet 102 of FIG. 1 . Examples of 
transmission schemes that organize the information stream in this manner 

15 include radio systems based on Bluetooth™, WLAN 802.1 1 , and 

HIPERLAN2. Alternatively, the training sequences may be inserted in the 
middle of the information stream as shown in the packet 104 of FIG. 1 . This 
is methodology adopted in the GSM radio system. 
[0010] Because the information used for the training sequence must be 

20 included in the information stream at the expense of the user data, the 
sequence represents an "overhead" in the communication channel that 
should be minimized, if at all possible. That is, the number of symbols used 
to represent the training sequence should be made as small as possible. 
[001 1] The second category of synchronization schemes includes the so- 

25 called non-data-aided synchronization schemes. These schemes do not 
require that any separate, explicit training sequence be included in the 
information stream for synchronization. As the name suggests, these non- 
data-aided synchronization schemes use the actual user information stream 
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to train the receiver. Initially, the received information stream may only be 
used for training the receiver. The stream cannot be immediately 
demodulated upon receipt because of the errors that would be introduced as 
a result of the frequency and timing offsets discussed above. Instead, the 
5 received information stream must first be stored, and then later 

demodulated, after the receiver has been fully trained. Thus, the reduction 
in overhead associated with non-data-aided synchronization schemes 
comes at the price of increased delay in the demodulation of data and/or 
increased storage requirements in the receiver. 

10 [0012] Not having an explicit training sequence requires that the 
information streams used to train receivers in non-data-aided 
synchronization schemes based systems meet certain minimum packet 
length requirements. That is, the number of symbols in the packet should at 
least be sufficient for the receiver to train on. Also, the overhead inherent to 

15 data-aided synchronization schemes is not completely eliminated with non- 
data-aided synchronization schemes, as a small frame-delimiter is still 
required to determine the start of a packet. 

[0013] One can argue that a form of non-data-aided synchronization is 
always applied in modern radio communication systems, even when the 

20 radio system uses a data-aided scheme of synchronization. This is because 
most synchronization schemes (both data-aided and non-data-aided) 
separate the synchronization process into two phases: a coarse phase, and 
a tracking phase. The second of these two phases, or the tracking phase, 
does not require that an explicit training sequence exist in the transmitted 

25 information stream (i.e., the tracking phase is non-data-aided) in order to 
maintain synchronization. This is true of the tracking phase whether the 
coarse phase is data-aided or non-data-aided. 

[0014] The first of the phases, or the coarse phase, is often alone referred 
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to as "synchronization". During synchronization, a coarse tuning of the 
receiver to the received signal takes place. The coarse phase of 
synchronization has a finite duration during which no demodulation of the 
received information stream occurs. It is not until a requisite degree of 
5 synchronization is established between the receiver and transmitter that a 
successful demodulation of the information stream may begin. 
[0015] The coarse and tracking phases of the synchronization process are 
closely related to one another. When the coarse phase is complete, the 
receiver then enters the tracking phase of the synchronization process. 

10 During the tracking phase, certain receiver parameters are continuously 

updated to maintain an optimal synchronization with the information stream. 
[0016] As described above, the tracking phase is non-data-aided, 
requiring only user information symbols in the stream to estimate the receive 
parameters needed to maintain synchronization. These parameter 

15 estimates are sufficiently accurate to allow the received information symbols 
to be demodulated at the same time the receiver is being fine tuned to the 
received signal. 

[0017] Since information symbols may be demodulated at the same time 
tracking is applied to the user information stream, the amount of overhead in 
20 data-aided synchronization schemes, and the storage requirements and 
minimum packet length requirements in non-data aided schemes, may be 
reduced by beginning the tracking phase as quickly as possible in the 
overall synchronization process. 

25 SUMMARY 

[0018] It is therefore an object of the present invention to reduce the time 
required to begin tracking, and therefore the time begin demodulation of a 
received signal, in radio communication systems. 
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[0019] According to an exemplary embodiment of the present invention, 
this and other objects are met by a method, apparatus, and system for 
synchronization in radio communication systems, the method including the 
steps of encapsulating symbols in an information stream then modulating 
5 the stream. The modulated information stream is then sent over a 
communication channel at a first robustness level, and the level of 
robustness of the information stream is then reduced to a second 
robustness level according to a predetermined function. 
[0020] According to another exemplary embodiment, the information 

1 0 stream is divided into a plurality of segments. Forward Error Correction 

(FEC) coding is added to a plurality of segments in the information stream 
using at least two different coding rates, and the coding rates among the 
plurality of segments is varied to change the robustness of the information 
stream from the first robustness level to the second robustness level. The 

15 plurality of segments to which the FEC coding is added may include a 
segment adjacent to where a demodulation of the information stream 
begins. 

[0021] According to yet another exemplary embodiment, a plurality of 
segments in the information stream is modulated using at least two different 

20 modulation schemes, and the modulation schemes are varied among the 
plurality of segments to change the robustness of the information stream 
from the first robustness level to the second robustness level. The plurality 
of segments modulated using at least two different modulation schemes 
may include a segment adjacent to where a demodulation of the information 

25 stream begins. 

[0022] According to yet another exemplary embodiment, Forward Error 
Correction (FEC) coding is added to at least one segment in the information 
stream such that the varying of the modulation schemes and the adding of 
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FEC coding change the robustness of the information stream from the first 
robustness level to the second robustness level. 

[0023] According to yet another exemplary embodiment, Forward Error 
Correction (FEC) coding is added to a plurality of segments in the 
5 information stream using at least two different coding rates and the coding 
rates then varied among the plurality of segments. The varying of the 
modulation schemes and the varying of the coding rates change the 
robustness of the information stream from the first robustness level to the 
second robustness level. 
1 0 [0024] According to yet another exemplary embodiment, the plurality of 
segments among which the modulation schemes vary and the plurality of 
segments among which the coding rates vary are different pluralities of 
segments. 

[0025] According to yet another exemplary embodiment, the plurality of 
1 5 segments among which the modulation schemes vary and the plurality of 
segments among which the coding rates vary are the same plurality of 
segments. 

[0026] According to yet another exemplary embodiment, the information 
stream is encoded using convolutional coding at a first coding rate. The 

20 encoded information stream is punctured, and the rate at which the encoded 
information stream is punctured is then varied to achieve a second coding 
rate, whereby the robustness level is changed from the first robustness level 
to the second robustness level. The puncturing of the encoded information 
stream may occur adjacent to a portion of the information stream where a 

25 demodulation of the information stream begins. 

[0027] According to yet another exemplary embodiment, the modulated 
information stream is received from the communication channel. The 
information stream is then demodulated after a first number of symbols have 



Attorney Docket No. 040071-510 -8- 
Patent 

been received, wherein the first number of symbols is less than a second 
number of symbols that would have to be received to demodulate a 
corresponding information stream sent over the communication channel only 
at the second robustness level. 
5 [0028] According to yet another exemplary embodiment, the information 
stream may be comprised of packets. The packets may comprise a training 
sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0029] The features, objects, and advantages of the invention will become 
apparent by reading this description in conjunction with the accompanying 
drawings, in which like reference numerals refer to like elements, and in 
which: 

[0030] FIG. 1 is a simple diagram of packets having explicit training 

1 5 sequences embedded therein; 

[0031] FIG. 2 is a diagram showing synchronization parameter error 
versus number of symbols received, and the relationship between 
parameter error and the synchronization and tracking phases of a 
synchronization scheme; 

20 [0032] FIG. 3 is a diagram showing the synchronization parameter error 
and a robustness of an information stream versus the number of symbols 
received, and the relationship between parameter error, robustness, and the 
synchronization and tracking phases of a synchronization scheme; 
[0033] FIG. 4 is a diagram showing an increase in coding rate using block 

25 codes according to exemplary embodiments; 

[0034] FIG. 5 is a diagram showing an increase in coding rate using 
punctured convolution coding according to exemplary embodiments; 
[0035] FIG. 6 is a diagram showing an increase of modulation complexity 
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according to exemplary embodiments; 

[0036] FIG. 7 is a diagram showing an increase in trellis-coded modulation 
complexity according to exemplary embodiments; and 
[0037] FIG. 8. is a diagram showing an increase in coding rate using 
5 punctured convolution coding according to exemplary embodiments. 

DETAILED DESCRIPTION 

[0038] Synchronization of an information stream sent from a radio 
transmitter to a radio receiver comprises a coarse tuning phase and a fine 

10 tuning (or tracking) phase. Synchronization is necessary because of offsets 
in the modulation frequency and other timing parameters that exist between 
the transmitter and receiver. Demodulation of the information stream during 
coarse tuning results in a high probability of creating symbol errors due to 
these uncompensated offsets. As an increasing number of data symbols 

1 5 arrive at the receiver, however, the receiver is able to train itself to 

compensate for the frequency and timing offsets, and the error probability 
decreases. When the error probability reaches an acceptable level, the 
demodulation process can be begin. The receiver continues to fine tune the 
synchronization parameters while demodulating the information stream. 

20 [0039] Rather than waiting to demodulate the input stream until the coarse 
tuning phase is complete, Applicant proposes beginning the tracking phase 
as quickly as possible by making the start of the information stream (or 
packet) more robust. This in turn allows the demodulation of the information 
stream to begin more quickly. The lack of accuracy in the synchronization 

25 parameters is compensated for by the added robustness of the information 
stream As more information symbols arrive at the receiver, the 
synchronization parameters will become more accurate, and the robustness 
of the information stream may then be gradually reduced. 
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[0040] Robustness of the information stream can be varied in several 
ways. For example, added robustness may be provided by applying more 
forward-error correction coding at the beginning of the packet, and then 
gradually removing the coding bits when progressing into the packet. 
5 Alternatively, a more robust modulation (less complex) scheme may be 

applied at the beginning of the packet, and then gradually switched to more 
complex modulation when progressing into the packet. Also, a combination 
of variable modulation and coding (also known as trellis-coded modulation) 
may be applied to the information stream. Whatever the technique chosen, 
10 If the reduction of the robustness follows a predetermined pattern, then no 
additional signaling information (overhead) is required to send the stream 
from the transmitter to the receiver. 

[0041] During synchronization the receiver attempts to estimate a number 
of signal parameters in the radio signal received. These parameters may 
15 include the signal frequency, the signal phase, the symbol timing, and the 
frame timing of the information stream. For coherent detection, each of 
these parameters is important to recovering the modulated symbols. For 
non-coherent detection, however, the phase information is of lesser 
importance. 

20 [0042] As discussed above, a certain degree of accuracy in the parameter 
estimates must be obtained before the demodulation process can be 
started, and any error in the parameter estimates will give rise to symbol 
errors during the demodulation process. The error in the parameter 
estimates is a function of the number of received symbols. This is shown 

25 more clearly in the top graph of FIG. 2. The error curve 202 shows that as 
more symbols are received and a greater amount of signal energy is 
available to train the receiver, the accuracy in the parameter estimates 
increases (i.e., the error decreases). When the error in the parameter 
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estimates falls below an acceptable level A1 , the receiver can begin 
demodulating the received symbols. By the time demodulation begins, N1 
symbols have already been received. This shown by the demodulation 
curve 204, which is a step function rising at the value of N1 received 
5 symbols. 

[0043] For non-data-aided synchronization schemes, these N1 symbols 
would have had to have been stored in a receive buffer for later 
demodulation during the tracking phase. This requires a significant amount 
of local storage to exist in the receiver. For data-aided synchronization 
1 0 schemes, the demodulation process must be delayed an amount of time 
equal to the time it takes to process the N1 symbols in order to reduce the 
parameter error to A1 . During this delay, the transmitter user symbol 
information is unusable by the receiver. 

[0044] FIG. 3 shows the operation of a receiver using a variably robust 
15 information stream according to an exemplary embodiment. Comparing the 
parameter error and demodulation curves 302 and 304 with the 
corresponding curves 202 and 204 of FIG. 2, it can seen that the 
demodulation of the information stream may begin earlier, at a point when 
only N2 symbols (N2 < N1) have been received. At this point in the 
20 synchronization process, the error in the parameter estimates A2 is 
substantially higher than the acceptable level A1 needed to begin 
demodulation. 

[0045] In order to reduce the symbol error probability P s to an acceptable 
level, additional robustness is added to the information stream as shown in 
25 curve 306. The added robustness has the effect of increasing the tolerance 
in the receiver to the parameter estimation error, such that P s is reduced for 
any given parameter error value when compared to the corresponding P s 
without added robustness. The amount of robustness added to the 
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information stream is chosen such that the P s when N2 symbols have been 
received is at most equal to the P s after receiving N1 symbols with no 
robustness added to the information stream. 

[0046] Just as in the case of training a receiver using an information 
5 stream having a constant robustness, as more symbols are processed by 
the receiver, the error in the parameter estimates is further reduced. The 
additional robustness may be removed from the information stream when 
the parameter error has been reduced to A1 . It will be understood that more 
or less aggressive rates of adding robustness to the information stream may 
10 be employed depending on the type of added robustness (i.e., FEC and/or 
modulation type) that is employed. 

[0047] The tracking phase, and thus the demodulation of the received 
symbols, may begin when the P s has been reduced to P s1 . This is shown by 
the demodulation curve 304 rising as a step function at the value of N2 

15 received symbols. For non-data-aided synchronization schemes, the 

number of symbols that would have had to have been stored in the receiver 
before beginning demodulation has been reduced by (N2 - N1) symbols. 
This allows a much smaller receive buffer to used for synchronization. For 
data-aided synchronization schemes, the amount of delay before the 

20 demodulation process can begin has been reduced by the amount of time 
required to process (N2 - N1) symbols. 

[0048] As briefly discussed above, the variable robustness that is added to 
the information stream may be applied in a number of ways. Two of the 
most common ways of changing the robustness of an information channel 
25 are by applying varying amounts of forward-error correcting (FEC) coding to 
the signal, and by changing the modulation format of the information stream. 
[0049] An example of applying a gradual diminishing FEC code to the 
information stream is shown in FIG. 4. This figure shows a block coding 
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technique wherein blocks of K symbols 402 are mapped into a code word of 
length M, M being greater than K. The number (M - K) represents the 
number of parity bits added to the blocks. The ratio (K / M) is referred to as 
the code rate. The lower the code rate, the more parity bits are present in 
5 the information stream, and consequently the more robust the transmission. 
The illustrated technique may be applied on a packet basis when using a 
non-data-aided synchronization scheme, or may be applied to the training 
sequence at the start of a packet when using a data-aided synchronization 
scheme. 

1 0 [0050] In the exemplary embodiment of FIG 4, four information segments 
404 are shown. For each of the segments 404, a different coding rate has 
been selected. In this example, Bose-Chaudhuri-Hocquenghem (BCH) 
codes having a constant block length (M = 63), and an increasing number of 
information bits (K = 1 1 , 24, 36, and 45) are applied. It will be understood 

1 5 than any type of block codes may be used. Moreover although four 

segments are shown in example, any number of segments may be used to 
implement the variable robustness scheme. The number of segments and 
the number of symbols in each segment are design parameters that may be 
optimized depending on the modulation scheme, the coding rate, and the 

20 synchronization method used. 

[0051] As the FEC code rate for each additional segment is increased, the 
corresponding robustness for the segments decreases. The last segment 
may contain the remainder of a conventional packet. That is, in this last 
segment, the coding applied may be identical (i.e., no additional coding) to 

25 the coding rate used with a conventional synchronization scheme. 

[0052] The number of segments used for the variable robustness coding 
scheme, as well as the number of symbols included per segment, may be 
predetermined design constants that are known to both the transmitter and 
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the receiver at the time a connection is established. This will avoid having to 
include additional signaling overhead to the information stream. It will be 
further understood that the dividing of the information stream into segments 
need not be related to the location of the training sequences within a packet. 
5 As such, the segmentation may be used to optimize the synchronization and 
tracking performance of the receiver independent of the packet format and 
contents. 

[0053] Another exemplary variable robustness coding scheme is shown in 
FIG. 5. This scheme is similar to that shown in FIG. 4, but uses 

10 convolutional coding of the information stream with variable puncturing 
instead of variable block coding. As such, the segmentation of the 
information stream is not required in this exemplary embodiment. In this 
embodiment, a fixed-rate convolutional code, e.g., K=9, r=1/2, is first applied 
to the information stream. Next, a variable puncturing scheme is applied to 

15 the convolutional coded stream, wherein symbols 502 are punctured (or 
removed) from the coded stream at increasing rate. As the rate of 
puncturing the stream increases, the FEC code rate also increases, e.g., 
from r=1/2 to say r=7/8, and the robustness of the information stream is 
correspondingly decreased. As with the segmentation pattern discussed 

20 above, the convolutional coding parameters and the puncturing pattern may 
be predetermined design parameters known to both the transmitter and the 
receiver at the time of establishing a connection. 
[0054] Instead of applying varying amounts of FEC coding to the 
beginning of the information stream, the stream may be divided into 

25 segments, and a different modulation scheme then applied to each of the 
segments. For the lower segment numbers, more robust modulation 
schemes may be applied, whereas less robust modulation schemes may be 
applied to the higher segment numbers. The robustness of a modulation 
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scheme is determined by its sensitivity to frequency, phase, or timing errors 
in the information stream. As a general rule, less robust schemes offer 
higher data rates than do more robust modulation schemes, as more bits 
per second may accommodated in the transmitted signal per hertz- 
5 bandwidth. 

[0055] An exemplary embodiment of an information stream having varying 
modulation schemes applied to the stream segments is shown in FIG. 6. 
The first segment 602 is shown as using Binary Phase Shift Keying (BPSK) 
to modulate the information stream. The next segment 604, uses 

10 Quadrature Phase Shift Keying (QPSK). The third segment 606 uses 8- 
Phase Shift Keying (8PSK). The final segment 608, as well as the 
remainder of the stream, uses Quadrant Amplitude Modulation (QAM) 
having sixteen possible four-bit patterns, determined by the combination of 
phase and amplitude. 

1 5 [0056] It will be understood that the modulation schemes and the relative 
size of the information stream segments shown in FIG. 6 are merely 
illustrative, and that any modulation scheme and segment size may be 
used. As with the previously described embodiments, the modulation 
schemes and segment sizes may be predetermined design parameters 

20 known to both the transmitter and the receiver at the time of establishing a 
connection, to avoid adding signaling overhead to the information stream. 
[0057] Varying FEC coding and modulation schemes may also be applied 
to the information stream together. Several combination are possible. For 
example, either a separate FEC code rate or modulation scheme may be 

25 applied to a given segment in the stream. Alternatively, a combined FEC 
code and modulation scheme may be simultaneously applied to the 
segments. This coded-modulation scheme, first introduced by Ungerboeck, 
is often referred to as trellis-coded modulation (TCM). 
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[0058] FIG. 7 shows an information stream having TCM of varying 
robustness levels applied to the stream. In this example, the first segment 
702 uses a modulation scheme, BPSK, having a small number of 
constellation points (or data encoding), and no error coding. The next 
5 segment 704 uses a more complex modulation scheme (e.g., more 

constellation points), QPSK, and adds half-rate FEC coding to the segment 
Segments three 706 and four 708 use an even more aggressive modulation 
scheme. The code rate is first reduced (i.e. more coding) and then 
increases (i.e. less coding) as the segment numbers increase. 

1 0 [0059] In each of the above described embodiments, the technique of 

providing additional robustness to the information stream has been limited to 
providing the added robustness at the beginning of the information stream. 
It will be understood that these techniques are equally applicable for data- 
aided synchronization schemes where the training sequence is inserted in 

15 the middle of the information stream (or packet). 

[0060] FIG. 8 depicts such an information stream used with a data-aided 
synchronization scheme. In the example of this figure, the training 
sequence 802 exists in the center of the packet. In such a situation, the 
payload must be demodulated starting at the center of the packet. Thus, 

20 additional robustness must be added to the information symbols closest to 
the training sequence. 

[0061] For example, when applying the punctured convolutional coding 
scheme of FIG. 5 to this type of information stream, the puncturing pattern 
804 is applied so as to increase when moving away from the center of the 
25 packet (or training sequence 802). It will be understood that adding 
robustness with any other of the above-mentioned techniques can be 
applied to this type of data-aided information stream in a analogous manner. 
[0062] It will further be understood that any of the above proposed 
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schemes may automatically adapt to varying packet lengths. For example, 
in FIG, 4, four segments are shown using four different coding rates. The 
packet length may be shortened without having any impact on the 
synchronization performance. If the packet is shortened, the later defined 
5 segments are automatically canceled from the synchronization process. 

Thus, as in the exemplary embodiment shown in FIG. 4, information streams 
having very short packet lengths may use only the first two segments, or 
perhaps only the first segment. 

[0063] Other techniques that provide robustness to the symbols that differ 

10 from FEC coding and robust modulation may be used. Note also that the 
reduction in robustness need not necessarily bear any relation to the 
information contents in the packet. For example, the segment boundaries 
do not have to align with boundary fields in the packet as is the case with a 
synchronization word or a packet header. 

1 5 [0064] It should be emphasized that the terms "comprises" and 

"comprising", when used in this specification as well as the claims, are taken 
to specify the presence of stated features, integers, steps or components; 
but the use of these terms does not preclude the presence or addition of 
one or more other features, integers, steps, components or groups thereof. 

20 [0065] The various aspects of the invention have been described in 
connection with a number of exemplary embodiments. To facilitate an 
understanding of the invention, many aspects of the invention were 
described in terms of sequences of actions that may be performed by the 
elements of a computer system. It will be recognized that in each of the 

25 embodiments, the various actions could be performed by specialized circuits 
(e.g., discrete logic gates and other circuitry interconnected to perform a 
specialized function), by program instructions being executed by one or 
more processors, or by a combination of both. 
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[0066] Moreover, the invention can additionally be considered to be 
embodied entirely within any form of computer readable storage medium 
having stored therein an appropriate set of computer instructions that would 
cause a processor to carry out the techniques described herein. Thus, the 
5 various aspects of the invention may be embodied in many different forms, 
and all such forms are contemplated to be within the scope of the invention. 
For each of the various aspects of the invention, any such form of 
embodiment may be referred to herein as "logic configured to" perform a 
described action, or alternatively as "logic that" performs a described action. 

10 [0067] The invention has been described with reference to particular 

embodiments. However, it will be readily apparent to those skilled in the art 
that it is possible to embody the invention in specific forms other than those 
of the preferred embodiments described above. This may be done without 
departing from the spirit of the invention. The preferred embodiments are 

15 merely illustrative and should not be considered restrictive in any way. The 
scope of the invention is given by the appended claims, rather than the 
preceding description, and all variations and equivalents which fall within the 
range of the claims are intended to be embraced therein. 



